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(54) TiUe: GUIDABLE INTRAVASCULAR BLOOD PUMP AND RELATED METHODS 

I (57) Abstract: An improved intravascular blood pump and related methods involving die broad inventive concept of equipping the 
intravascular blood oumo with -midin^; feanires such that die intravascular blood pimo can be sclectivclv oositioned at a oredeter- 
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GOIDABLE INTRAVASC0LA31 BXiOOD PUMP 
AND RELATED METHODS 
Field of the Invention 

The present invention relates generally to blood 
5 puinps and, more particularly, to an improved intra-vascular 

blood pump having a guide mechanism which provides the 
ability to selectively guide the intravascular pump to a 
desired location within a patient's circulatory system. 
Description of Related Art 

10 Over the years, various types of blood pumps have * 

been developed for the purpose of augmenting or replacing 
the blood pumping action of damaged . or diseased hearts. 
Blood pumps are commonly used in three situations: (1) for 
acute support during cardio-pulmonary operations; (2) for 

15 short-term support while awaiting recovery of the heart from 

surgery; or (3) as a bridge to keep a patient alive while 
awaiting heart transplantation. The pumps may be designed 
to provide right and/or left ventricular assist, although 
left ventricle assist is the most common application in that 

20 it is far more common for the left ventricle to become 

diseased or damaged than it is for the right ventricle. 

. ' provide leak- free -operation and; 

must avoid contamination of the fluid by the purap components 
and the external environment . Such pumps must also pun^ the 

25 fluid at a suitable rate without applying excessive Reynolds 

shear stress to the fluid. It is well known to those 
skilled in the art that lysis or cell destruction may result 
from application of shear stress to cell membranes. Red 
blood cells are particularly susceptible to shear stress 

30 damage as their cell membranes do not include a reinforcing 
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cytoskeleton to maintain cell shape. Lysis of white blood 
cells and platelets also occxirs upon application of high 
shear stress. Lysis of red blood cells can result in 
release of cell contents which trigger subsequent platelet 
5 aggregation. Sublytic shear stress leads to cellular 

alterations and direct activation and aggregation of 
platelets and white blood cells. 

Intravascular blood puTi5)S coTr5>rise miniaturized 
blood piimps capable of being percutaneously or surgically 

10 introduced into the vascular system of a patient, typically 

to provide left and/ or right heart support. One type of 
intravascular punqp is an axial flow blood pump con5)rising a 
cable-mounted rotor surrounded by a protective shroud. The 
pump, along with the rotor and shroud, are mounted at the 

15 end of an elongated flexible catheter. The catheter is 

inserted.into the aorta from a remote entry point, such as 
/'an incision be low the groiii; that provides, access into: a 
femoral artery. The catheter then passes through the 
descending aorta until it reaches the ascending aorta, near 

20 the heart. The catheter device encloses a rotating drive 

cable which is coupled to the impeller blade at one end, and 
which emerges from the e^qposed end of the catheter, near the 
patient's groin, at the other end. When the exposed end of 
the drive cable is mechanically rotated, using a device 

25 located outside the patient's body, it conveys the 

rotational force through the length of the catheter, causing 
; the imtpeller to spin at high speed near the heart. This 
type of blood piimp finds particular application in providing 
ventricular assist during surgery or providing ten?>orary 

30 bridging support to help a patient survive a crisis. 

While generally effective in providing ventricular 
assisting f\inctions, prior art intravascular blood pun5}s 
nonetheless suffer various drawbacks. A significant 
drawback is that prior art intravascular blood pumps are 
35 difficult to guide into the appropriate position within the 
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circulatory system of a patient.. This is due largely to the 
fact that the elongated catheter is incapable of providing 
the degree of control necessary to easily negotiate the pump 
through the tortuous pathways leading : up to and , into the 
5 heart. When attempting to place the blood pump in a 

trans -valvular configuration (with the inlet in the left 
ventricle and the pun?> outlet in the ascending aorta) , the 
natural tendency of the catheter to stay straight may cause 
the pump to be inadvertently placed in the carotid ostia, 
10 which can be dangerous if the pump is operated to withdraw 

blood from the brain. 

To overcome these difficulties, certain guide 
mechanisms may be eii?>loyed to assist the physician placing 
the pump in the appropriate position within the circulatory 
15 system. One type of supplemental guide mechanism is a guide 

catheter. Guide catheters are designed with certain 
■ ;guidability V charact^ristiqs ^ such ; that^.^^^^^^ 

selectively position them within the vasculature or heart 
with relative ease. A central lumen is provided within the 
20 guide catheter such that the intravascular pump may be 

introduced therein and guided while it is advanced towards 
the predetermined circulatory site. While generally 
effective at providing a guiding feature for such 
intravascular blood pun5)s, eTr?>loying such supplemental guide 
25 mechanisms is nonetheless disadvantageous in that they 

. consume valuable . space within the vessels . A guide 
: . / / catheter, > for exai^le, ;would necessarily ^ larger 4^ 
diameter than the diameter of the pump and protective sluroud 
in order to provide adequate passage of those coir?)onents . 
30 As will be appreciated, . this restricts the amount of space 

available for blood to flow within the particular vessel, 
and increases the size of the required puncture wound for 

accessing the vessel. 

The present invention is directed at eliminating 
35 and/or reducing the effects of the foregoing drawbacks of 



prior art intravascular blood pumps. 
gurrmiaT-Y of thc Invention 

The present invention overcomes the drawbacks of 
the prior art by providing an improved intravascular blood 
pump equipped with integrated features for selectively 
guiding the intravascular blood pun?) to a predetermined 
location in the patient's circulatory system, i.e. heart 
and/or vasculature. In so doing, the intravascular blood 
pun?) of the present invention eliminates the need for 
supplemental guiding mechanisms, such as a separate, large 
diameter guide catheter as used in the prior art. 

In a first broad aspect of the present invention, 
an intravascular blood pun?) system is provided cou?)rising an 
intravascular blood pun?) having a cannula coupled thereto 
and an "over -the -wire" type guide mechanism for selectively 
positioning the intravascular blood pump and cannula at a 
■predetermined locationvW^ A' 
patient. To accomplish this, a central lumen is formed 
through at least a portion of the intravascular blood pun?) 
system such that a guide element, such as a guide wire, may 
be progressed therethrough and advanced to the predetermined 
location in the circulatory system of the patient. After 
the guide element is advanced to this desired location, the 
intravascular blood pun?) and cannula may thereafter be 
advanced along the guide element to the desired location. 

In a second broad aspect of the present invention, 
: an intravascular blood pump system is provided con^rising an 
intravascular blood pun?) having a cannula coupled thereto 
and a "side-rigger" or "rapid exchange" type guide mechanism 
for selectively positioning the intravascular blood ptm?) and 
cannula at a predetermined location within the circulatory 
system of a patient. To accoti?)lish this, a side lumen is 
formed along a length of at least one of the intravascular 
blood pump and the cannula. A guide element, such as a 
guide wire, may be advanced to the predetermined location in 
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the circulatory system of the patient. After the guide 
element is advanced to this . desired location, the 
intravascular blood pump and cannula may thereafter be 
advanced along the guide element to the desired location, 
5 In a third broad aspect of the present invention, 

an intravascular blood pump system is provided con^irising an 
intravascular blood pump having a cannula coupled thereto 
and a "guide catheter" type guide mechanism for selectively 
positioning the intravascular blood pun^j and cannula at a 
10 predetermined location within the circulatory system of a 

patient. The pump system of this broad aspect includes a 
conduit assembly and a separate pump assembly. The conduit 
assembly includes a guide catheter, a rotor shroud, and a 
cannula, with the cannula and guide catheter disposed on 
15 either side of the rotor shroud. The pun?) assembly includes 

:.. a rotor, a drive member; coupled ...to the.roto^, and .a pun?) 
■ ■/'disposed between the rotor, and thie drive meiriber. The:guide. 
catheter is dimensioned to receive and guide the pump 
assembly to the point where the rotor docks within the rotor 
20 shroud so as to form an operational blood pun?). This 

configuration allows the conduit assembly to be precisely 
and efficiently guided into a desired position within the 
body through the use of conventional guiding techniques well 
known in interventional cardiology. The pump assembly may 
25 thereafter be introduced into and guided within the conduit 

. until the pump assembly is docked within the rotor shroud. 

This dual construction ;arrange^nient; provides in^jroved 
placement of the pun?) assembly by using the conduit as a 
guiding mechanism. 
30 The foregoing broad aspects of the present 

invention may be manifested according to the following 
recitations: 

According to a first broad recitation of the 
present invention, an intravascular blood pun?) system is 
35 provided comprising an intravascular blood pun?) having a 



cannula coupled thereto, and a guide mechanism adapted to 
guide the intravascular blood pmap and cannula to a 
predetermined location within the circulatory system of a 
patient. 

In a fiirther embodiment, the intravascular blood 
pump includes a rotor, a shroud for receiving the rotor, and 
a drive cable coupled to the rotor for driving the rotor 
within the shroud. 

In a further embodiment, the cannula is coupled to 
the shroud of the intravascular blood pump. 

In a further embodiment, the guide mechcuiism 
conqprises a guide catheter coupled to the shroud. 

In a further embodiment, the guide catheter may be 
used to guide the shroud and cannula to the predetermined 
location within the circulatory system of the patient, after 
which point: the rotor and drive cable of the intravascular .. 
: blood . . puTpp -may . be docked within . . the .. shroud -. for pump 
operation. 

In a further embodiment, the drive cable sheath is 
provided having a central lumen for receiving the drive 
cable, and wherein a purge fluid delivery system is coupled 
to the drive cable sheath to deliver purge fluid to the 
rotor . 

In a further embodiment, the drive cable sheath 
includes at least one side lumen for delivering the purge 
fluid towards the rotor. . ^ - 

in a further embcKiiraent, a portion of the purge 
fluid is delivered through the at least one side lumen and 
past the rotor, and a portion of purge fluid is rerouted 
back from the rotor through the central lumen of the drive 
cable. 

In a further embodiment, a perfusion assembly is 
provided communicatively coupled to the guide catheter for 
selectively rerouting blood from within the guide catheter 
to a point downstream from the introduction site of the 
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-guide catheter into the vasculature of the. patient . 

' In a further embodiment, the perfusion assembly 
includes a first conduit communicatively coupled to the 
guide catheter/ a second conduit dimensioned to be 
5 introduced into the vasculature of the patient, and a 

selectively operable valve disposed in between the first 
conduit and the second conduit. 

In a further embodiment, a blood pressure 
detection mechanism is provided to detect the pressure of 
10 the blood proximate at least one of the intravascular blood 

puTi^ and cannula. 

In a further embodiment, the blood pressure 
detection mechanism comprises at least one of fluid filled 
column disposed within at least a portion of the cannula, a 
15 piezoelectric element coupled to at least one of the 

, . intravascular blood pun?> and cannula, and a strain gauge 
■ . : coi^^ied tcx: at least ;oi^ the intravascular blood pun^i a^ ; 
cannula . 

In a further embodiment, the blood pressure 
20 detection mechanism involves calculating blood pressure 

based on the relationship between the torque and motor 
current of a motor used to drive the rotor. 

In a further embodiment , the guide mechanism 
comprises a guide element disposed at least partially within 

25 the cannula. 

■ .In a ..further . embodiment, , the . guide ..element 

: \ ■': : ^^oWrises a guide wire /for" passage, through a side lumen 
formed in the cannula. 

In a further embodiment, the guide element 
30 comprises a selectively def ormable element disposed at least 

partially within the cannula. 

In a further embodiment, the intravascular blood 
pump and cannula may be selectively advanced to the 
predetermined location within the vasculature of the patient 
35 by first passing the guide wire to the predetermined 



location and thereafter sliding the intravascular blood pvxnp 
and cannula along the guide wire to the predetermined 
location. 

In a further embodiment, the guide element 
con^rises a guide wire for passage through a lumen extending 
through the drive cable and rotor. 

In a further embodiment, the intravascular blood 
pump and cannula may be selectively advanced to the 
predetermined location %ri.thin the vasculature of the patient 
by first passing the guide wire to the predetermined 
location and thereafter sliding the intravascular blood pump 
and cannula along the guide wire to the predetermine 
location. 

In a further embodiment, the guide mechanism 
f \irther includes guide element for passage through the guide 
catheter to facilitate placement of the shroud : and the 
cannula at the predetermined location within the vasculature 
of the patient. 

In a further embodiment, the guide mechanism 
further includes a guide element for passage through a side 
. lumen formed along at least a portion of the guide catheter. 

In a further embodiment, the guide element 
con^rises at least one of a guide wire and a balloon 
catheter . 

Brief Description of the Drawings 

- . . Many advantages of the present invention will be . 
apparent to those skilled in the art with a reading of this 
specification in conjunction with the attached drawings, 
wherein like reference numerals are applied to like elements 
and wherein: 

FIG. 1 is a partial sectional view of a human 
heart illustrating an intravascular blood pump system having 
an "over- the -wire" type guide mechanism according to a first 
broad aspect of the present invention positioned, by way of 
example, in a trans -valvular configuration to provide 
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left-heart assist; 

FIG. 2 is side view of the guidable intravascular 
blood pump system of the type shown : in PIG. 1 including a 
motor coupler and pxirge f luid delivery system- according to 
S an exen^lary embodiment of the present invention; 

FIG. 3 is a cross- sectional view illustrating an 
exen5)lary construction of the blood puxnp, drive cable 
assembly, and cannula of the intravascular blood pun?) system 
according to the first broad aspect of the present 
10 invention; 

FIG. 4 is a cross -sectional view taken along lines 
4 -4. of FIG. 3 illustrating an exemplary construction of the 
drive cable assembly and guide mechanism according to the 
first broad aspect of the present invention; 
25 FIG. 5 is a cross-sectional view illustrating an 

exeii^lary construction of the motor coupler and purge fluid 
■ delivery sy^tein^ accpirding to the first broad aspect of the . 
present invention; 

FIG. 6 is a partial sectional view of a human 
20 heart illustrating an intravascular blood pump system having 

a "rapid exchange" or "side -rigger" type guide mechanism 
according to a second broad aspect of the present invention 
positioned, by way of exan^le, in a trans -valvular 
configuration to provide left-heart assist; 
25 FIG. 7 is side view of the guidable intravascular 

blood puTi^. system of the type shown in FIG-, .6 including a . 
; rabtor coupler and purges f^^ 

an exetr5)lary embodiment of the present invention; 

FIG. 8 is a cross- sectional view taken along lines 
30 8-8 of FIG. 7 illustrating the "side-rigger" or "rapid 

exchange" type guide mechanism according to the second broad 
aspect of the present invention; 

FIG. 9 is a cross- sectional view of the type shown 
in FIG. 8 illustrating an alternate configuration of the 
35 guide mechanism according to the second broad aspect of the 
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present invention; 

FIG. 10 is a partial sectional view o£ a human 
heart illustrating an intravascular blood pun^ system having 
a "guide catheter" type guide. mechanism according to a third 
broad aspect of the present invention positioned, by way of 
example, in a trans -valvular configuration to provide 
left-heart assist; 

FIG. 11 is a schematic view of a human being 
illustrating the intravascular blood pump system of the type 
shown in FIG. 10 inserted through the femoral artery and 
including an optional perfusion assembly for perfusing the 
vasculature downstream from the incision site where guide 
catheter enters the femoral artery; 

FIG. 12 is a side view of the intravascular blood 
pump system shown in FIGS. 10-11 illustrating the separable 
nature of a pump assembly, and a conduit assembly which 
collectively form the intravascular blood pun^) system 
according to the third broad aspect of the present 
invention; 

FIG. 13 is a side view illustrating the 
intravascular blood pump system shown in FIG. 12 with the 
pump assembly docked into the conduit assembly according to 
the third broad aspect of the present invention; 

FIG. 14 is a cross -sectional view illustrating an 
exeii5>lary construction of the blood pump, drive cable 
assembly, cannula, and guide catheter of the intravascular 
blood pun^i . system /show^^^^ FIG. 13; . . ; - 

PIG. 15 is a cross-sectional view taken along 
lines 15-15 of FIG. 14 illustrating an exemplary 
construction of the drive cable assembly and guide catheter 
according to the third broad aspect of the present 
invention; 

FIG. 16 is a cross -sectional view illustrating an 
exemplary construction of the motor coupler, purge fluid 
delivery system, and a proximal portion of the guide 
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catheter biasing assembly according to the third broad 
aspect of the present invention; 

FIG. 17 is a cross -sectional view illustrating an 

exen^lary construction of the perfusion assembly and a 
5 distal portion of the guide catheter biasing assembly 

according to the third broad aspect of the present 
invention; 

FIGC 18 is a cross- sectional view of an 
intravascular blood pump system of the type shown in FIGS . 
10 12-13 having an alternate configuration .for docking the 

rotor within the shroud according to the principles of the 
present invention; and 

FIG- 19 is a partial sectional view of a human 
heart illustrating an alternate intravascular blood pump 
15 system having an "over-the-wire" type guide mechanism 

according to the first broad aspect of the present invention 
^. positiohed,- / by way -.of v? *^^ .trans t valvular . : 

configuration to provide right-heart assist. 
Detailed Degerlpti on of the Invention 
20 Illustrative embodiments of the invention are 

described below. In the interest of clarity, not all 
features of an actual implementation may be described in 
this specification. It will of course be appreciated that 
in the development of any such actual embodiment, numerous 
25 itt?)lementation-specific decisions must be made to achieve 

, . . : the developers' specif ic goals, such as CQinpliance with 
- : ^ ^system- related and. business-related constraint a/ ^ 

vary from one iti?>lementation to another. Moreover, it will 
be appreciated that such a development effort might be 
30 complex and time-consuming, but would nevertheless be a 

routine undertaking for those of ordinary skill in the art 
having the benefit of this disclosure. 

The present invention involves an intravascular 
pump system for use in a number of broad ranging 
35 applications involving the augmentation of blood flow within 
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the circulatory system of a patient. As will be described 
below, the intravascular blood pump system of the present 
invention overcomes the drawbacks of -the prior art by 
providing a guide mechanism as part of the intravascular 
blood pump. This advantageously allows the intravasculsa: 
blood p\xmp to be selectively guided to a predetermined 
location within the circulatory system of a patient without 
the need for bulky supplemental guide mechanisms, such as a 
separate guide catheter. 

The intravascular pump assembly of the present 
invention is particularly suited for trans -valvular use, 
such as for left and/ or right ventricular assist procedures . 
By way of example only, such ventricular assist procedures 
may be eo^loyed in cardiac operations including, but not 
limited to, coronary bypass graft (CABG) , cardio- pulmonary 
bypass (CPB),^ open chest and closed, chest (minimally 
invasive) . surgery, . . bridge- to- transplMt ' and/or 
failure -to- wean- frora-bypass situations. It is to be readily 
understood, however, that the intravascular blood puatp 
assembly and methods of the present invention are not to be 
limited to such applications. Moreover, while illustrated 
and described largely with reference to left-heart assist 
applications, it is to be readily understood that the 
principles of the present invention apply equally with 
regard to right-heart assist application, which are 
contemplated as within the scope of the present invention. 
These and other variations and additional features will be 
described throughout. 

Referring to FIG. 1, shown is a guidable 
intra-vascular blood pump system 10 according to a first 
broad aspect of the present invention shown, by way of 
example only, in a left-heart assist configuration within a 
human heart. The system 10 includes an intravascular blood 
puir?) 12, a cannula 14, auad an "over -the -wire" type guide 
mechanism 16. A drive cable assembly 18 and a motor 
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assembly 20 are provided to drive the intravascular blood 
pump 12. The- "over- the- wire" guide mechanism 16 coir?>rises 
a suitable guide element dimensioned to pass slideably 
through a central lumen extend:ing through the drive cable 
18, blood pump 12, and cannula 14. Suitable guide elements 
may include ' any number of conventional guiding devices, 
including but limited to those employed in cardiology. By 
way of example only, the guide element is shown as a guide 
wire 22. According to the present invention, the 
"over-the-wire" guide mechanism 16 provides the ability to 
selectively guide the blood pump 12 and cannula 14 to a 
predetermined position in the circulatory system of a 
patient, such as the trans -valvular position shown. 

TO accomplish this, the guide wire 22 is first 
introduced into the vascular system of a patient through any 
suitable, access point, such, as through 1:he . use of the well 
knowxi Seidinger technique . / The' guide wire 22 can then be 
advanced within the patient to a desired location within the 
circulatory system of the patient. This may be done using 
the control features of the guide wire 22 itself, or may be 
facilitated through the use of any number of supplemental 
guidance mechanisms or techniques to ensure the proper and 
efficient placement of the guide wire 22 . Such supplemental 
guidance techniques may include, but are not necessarily 
limited to, guide catheters and/or techniques involving 
. ultra- sound or flouix)Scopy. . , O^^ the guide wir^ 22 . is 
\ positibne^d- at /t^^^ desired location (such as in left 
ventricle as shown) , the blood pump 12 and cannula 14 may 
thereafter be advanced along the guide wire 22 and 
positioned in the trans -valvular configuration shown. Under 
the operation of the motor assembly 20, the blood pun?> 12 
may be used for left-heart assist by selectively withdrawing 
blood from the left ventricle (through the interior of the 
cannula 14) for delivery outward through outflow apertures 
formed in the blood pun?) 12 . This outflow from the blood 
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pump 12 flows along the exterior of the drive cable assembly 
18 in a svibstantially axial fashion for arterial 
distribution throughout the body. 

Referring to FIGS. 2-5, an exetiqplary embodiment of 
the. intravascular blood pump system 10 of FIG. 1 will now be 
described. As shown in FIG. 2, the intravascular blood pump 
system 10 includes a motor coupler 24 and, as will be 
described in greater detail below, a piirge fluid delivery 
system 26 for providing a two-way fluid flow within the 
drive cable assembly 18 during pump operation. The purge 
fluid delivery system 26 includes a fluid inlet conduit 28 
for introducing pressurized purge fluid from a fluid source 
(not shown) .for delivery into the blood pump 12, and a fluid 
outlet conduit 30 to. withdraw a return flow of purge fluid 
from the blood p^2mp 12 . The motor coupler 24 establishes a 
mechanical connection . between a motor (not shown) and a 
drive cable (not .shown) ;.for providing motive^ force to the- 
blood pun^ 12 for pijmp operation. The drive cable assembly 
18 includes a drive cable sheath 32 which, in addition to 
serving a purge fluid delivery function, also serves as a 
protective housing for the drive cable (not shown) . 
Although shown in broken form for clarity, it will be 
appreciated that the drive cable assembly 18 (and all 
components thereof) may be provided in any suitable length 
sufficient for intravascular applications. That is to say, 
the. length of the drive cable assembly 18 must be enough to 
; reach betwejen the motor coupler 24 and purge fluid delivery 
system 26, located outside the patient, and the desired 
location within the patient's circulatory system where the 
blood pump 12 is to be positioned. 

The intravascular blood pump 12 is shown (by way 
of example only) as an axial flow intravascular blood pump. 
The blood pump 12 includes pump body 34, a rotor shroud 36 
having flow ports 38, and an internally disposed rotor (not 
shown) having a shaft rotatably disposed within the pump 
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body 34 and an impeller rotatably disposed within the rotor 
shroud 36. The cannula 14 is fixedly attached to the rotor 
shroud 36 and may extend any suitable length therefrom 
depending upon the particular intravascular application. 
The cannula 14 preferably includes a plurality of ports or 
fenestrations 40 about its distal region, as well as an end 
port 42, which allow for the ingress or egress of blood into 
or from the cannula 14 depending upon the operation of the 
blood pump 12. That is to say, if the pump 12 is configiared 
for left-heart assist as shown in FIG. 1, then the ports 40, 
42 will allow the ingress of blood into the cannula 14 from 
the left ventricle. If, on the other hand, the blood pump 
12 is configured for right-heart assist (i.e. with the pun?> 
12 in the- right atrium and the distal end of the cannula 14 
15 located within the pulmonary artery) , then the ports 40, 42 

will allow the egress of blood from the cannula 14 into the 
pulmonary a^ (Details on right-heart - assist 

applications will be discussed in greater detail below.) The 
pun?) 12 and cannula 14 may be dimensioned to any suitable 
20 diameter for intravascular applications. For example, the 

range of sizes may include, but is not necessarily limited 
to, 9 French to 30 French, although the range is more 
preferably from 14 French to 24 French, and most preferably 
from 18 French to 20 French. 
25 The "over- the- wire" type guide mechanism 16 

includes the guide, wire 22 and, as will be explained in 
^ greater. detail below, a -central lui^en exter^ through the 
cannula 14, blood pun?) 12, drive cable assembly 18, purge 
- fluid delivery system 26, and motor coupler 24. ha noted 
30 above, the central lumen is dimensioned to slideably receive 

the guide wire 22 such that the blood pump 12 and cannula 14 
may be slideably advanced along the guide wire 22 to a 
desired location within the circulatory system of a patient 
after the guide wire 22 has been so positioned using 
35 conventional guidance techniques. It is to be readily 
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understood that, while shown as a conventional guide wire 
22, the guide element forming part of the guide mechanism 16 
of the present invention may include any number of well 
known guidance mechanisms depending upon the application, 
including but not limited to balloon catheters, imaging 
wires, and guide catheters dimensioned to be slideably 
received through the central Itimen. For exatt^ile, although 
not appropriate for retrograde progression (such as the 
left -heart application shown in FIG. 1) , a balloon catheter 
may be a suitable guidance mechanism for a right -heart 
assist application. In such a case, the balloon may be 
inflated and used as a "sail" to direct the catheter to a 
desired location {such as the pulmonary artery) , after which 
point the blood pump 12 and cannula 14 can be advanced over 
the catheter to a trans -valvular configuration with the 
blood pump 12 in the right atrium and the ports ; 38, .40 of 
the cannula .14 in the pulmonary artery, 'f- . 

FIGS. 3 and 4 further detail the construction of 
the blood pun^ 12, cannula 14, drive cable assembly 18, and 
"over- the -wire" guide mechanism 16. The blood p\xnsp 12 
includes a rotor 44 having a shaft 46 and an in^eller 48. 
The shaft 46 is rotatably disposed within the pump body 34 
via a bearing pack con^rising, by way of example, ball 
bearing assemblies 50, 52 and spring 54. Ball bearings 
assemblies 50, 52 are well known in the art, each con^rising 
an inner race which rotates along with the rotor shaft 46, 
an outer race which .remains in a static and f ixeid position 
against the inner surface of the ptin^ body 34, and a 
plurality of ball bearings disposed between the inner and 
outer races. The spring 54 biases each bearing assembly 50, 
52 axially away from one another to reduce axial play during 
pump operation. The shaft 46 is generally hollow and 
dimensioned to receive a cable adapter 60 therein for the 
purpose of coupling the rotor 44 to a drive cable 62 forming 
part of the drive cable assembly 18. The drive cable 62 may 
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be secured to the cable adapter 60 in any nutnber of suitable 
fashions, including but not limited to the use of adhesives, 
crinping, and laser welding. These same techniques may be 
used to secure the cable adapter 60 within the shaft 46 of 
the rotor 44- A radial seal 64 is provided in between the 
wall of the pump body 34 and a distal stepped region 66 on 
the rotor shaft 46, the function of which will be described 
below. 

• The impeller 48 includes a hiib 56 and a plurality 
of blades 58 extending therefrom. The hub 56 is generally 
conical and, according to the first broad aspect of the 
present invention, is hollow throughout to form part of the 
central lumen of the guide mechanism 16. In this regard, 
the hub 56 is preferably provided with a gasket or seal 
member 68 at its distal tip. The seal member 68 may be made 
of any suitable sealing material (including but not limited 
to silicohej such that the , p\in?> 12 and .: cannula .14 inay. be 
easily progressed along the guide wire 22 for delivery to a 
desired circulatory site. The seal member 68 should also be 
robust enough to prevent the ingress of blood into the 
interior of the rotor hub 56 during pun^) operation, whether 
the guide wire 22 remains in place or is fully withdrawn. 
The blades 58 are dimensioned to reside in close tolerance 
with the interior surface of the shroud 36. In operation, 
the blades 58 impart both an axial and radial vector on the 
blood which causes it to flow outward through the flow ports 
.38 formed in the- shjroud 36 . As used here ih, the terra "axial ■ 
flow" is deemed to include flow characteristics like that 
shown in FIG. 3, which include both an axial and slight 
radial coTt5>onent. It is to be readily appreciated that, 
although shown as an axial flow type, blood pump 12 may 
comprise any number of suitable types of intravascular blood 
punps, including but not limited to so-called "mixed flow" 
intravascular blood pumps without departing from the scope 
of the present invention. 
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The cannula 14 is coupled at its proximal end to 
the rotor shroud 36. This may be accoTi?)lished in any number, 
of fashions, • including but not limited to the use of 
adhesives: This may also be facilitated by dimensioning the 
shroud 36 to include a narrow inlet region 70 capsible of 
being received flushly within the proximal end of the 
cannula 14 . The inlet region 70 of the shroud 36 should 
preferably have a tapered interior sxirface for establishing 
a smooth flow transition between the cannula 14 and the 
region containing the impeller blades 58. Although shown as 
a single integral element, it is to be understood that the 
pump body 34 and shroud 36 may comprise two separate (and 
sometimes separable) coT[5)onents, the significance of which 
will become apparent below. The pun?) body 34 and shroud 36 
may be constructed from any number of suitable materials, 
including but not. limited to stainless .steel or other, 
medibal grade compositions or alloys . The cannula 14 may 
also be constructed from any number of suitable materials, 
including but not limited to medical grade plastics. As 
shown, the cannula 14 may also be fortified with 
spiral -wound reinforcement wire 72 within the walls of the 
cannula 14 . 

The drive cable assembly 18 includes the drive 
cable 62 and the drive cable sheath 32 . The drive cable 62 
is coupled to the rotor 44 via the cable adapter 60. The 
drive cable sheath 32 includes a central lumen 74 and a 
plurality of side Iximehs 76 . The central lumen .74 serves as 
a protective covering for the drive cable 62. The central 
lumen 74, along with the side lumens 76, also forms part of 
the purge fluid delivery system 26 shown above in FIG. 2, 
which will be described in greater detail below. The side 
lumens 76 are provided in fluid commiinication with the fluid 
inlet conduit 28, while the central lumen 74 is provided in 
fluid communication with the fluid outlet conduit 30. The 
side lumens 76 are thus configured to deliver purge fluid 
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into the pump 12, while the central lumen 74 is configured 
to transport purge fluid away from, the pump 12 along the 
length of the drive cable 62. 

' The pressurized purge fluid within the side lumens 
5 76 may take one of two flow paths upon entry into the pump 

12. One flow path passes through the interior of the pxmcp 
12 and onward past the radial seal 64 to prevent the ingress 
of blood into the purap body 34 dxiring pump operation. More 
specifically, the purge fluid flows distally around the 
10 cable adapter 60, through the ball bearing assemblies 50, 

52, and onward past the radial seal 64. This egress of 
purge fluid past the radial seal 64 can be controlled to 
effectively thwart the ingress of blood past the radial seal 
64, which might otherwise cause clotting and/or piiir^) damage. 
15 The other flow path is directed back out the central lumen 

,74 for delivery . to the fluid outlet conduit 30. In so 
doing ; this flow path bathes the con^nents of the pump 12 
and/or drive cable 62 and thereby reduces frictional heating 
within the puirp 12 and/or the central lumen 74 of the sheath 
20 32 dxaring pump operation. 

The "over- the -wire" guide mechanism 16 includes a 
central lumen through which the guide wire. 22 may extend for 
the purpose of si ideably advancing the blood pun^) 12 and 
cannula 14 into a desired position within the circulatory 
25 system of a patient. In the embodiment shown, this central 

lumen is. established by forming and co-aligning the 
. vindividuaV-centra^^^ within each of .the drive cable 62; 

the cable adapter 60, the shaft 46 and hub 56 of the rotor 
44, and the cannula 14. In this regard, the drive cable 62 
30 is preferably of wound- wire construction having a central 

lumen formed therein. The central lumens within the cable 
adapter 60, rotor 44, and gasket 68 may be formed via 
machining or molding processes. These central lumens should 
preferably be sized such that they permit the slideable 
35 passage of the pump 12 and cannula 14 therealong, but do not 



interfere with or constrain the guide wire 22 to cause 
inadvertent • rotation of the guide wire 22 during pun?) 
operation. As noted above/ it is also conten5>lated to 
remove the guide wire 22 after the .pump 12 and cannula 14 
are properly positioned in the patient. In this case, the 
gasket or seal 68 on the hub' 56 should be robust enough to 
reseal after the guide wire 22 is withdrawn and prevent the 
ingress of blood into the interior of the rotor 44. 

Referring to FIG. 5, the motor coupler 24 includes 
a housing 78, a drive shaft adapter 80, and a bearing 
assembly 82. The drive shaft adapter 80 includes a drive 
shaft coupler 84 dimensioned to receive a drive shaft of a 
motor (not shown) , and a drive cable coupler 86 dimensioned 
to receive the drive cable 62. Any of a variety of 
attachment techniques may be en5>loyed to securely fasten the 
drive cable 62 to the drive cable coupler 86, including but 
not limited to. adhesives, crin?)ing, and laser .welciing. The. 
drive shaft adapter 80 is rotatably disposed within the 
housing 78 by the bearing assembly 82. The bearing assembly 
82 includes a sleeve 88 (which may alternatively be formed 
as an integral part of the housing 78) for retaining a pair 
of ball bearing assemblies 90, 92 and a spring 94 of the 
type described above. That is, each bearing assembly 90, 92 
generally con?)rises an inner race which rotates along with 
the drive shaft adapter 80, an outer race which remains in 
a static and fixed position against the inner surface of the 
retaining sleeve 88, : and a : plurality of ball bearings 
disposed between the inner and outer races. The spring 94 
is provided to bias each bearing assembly 90, 92 axially 
away from one another to reduce axial play during operation. 

The purge fluid delivery system 26 includes a 
housing 96 having a central lumen 98, an inflow port 100, 
and an outflow port 102. The housing 96 is also dimensioned 
to matingly receive a portion of the motor coupler 24 . In 
this regard, a seal element 104 is provided sandwiched in 
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between the housing 96 and housing 78 and including an 
aperture which extends about the .drive shaft adapter 80 as 
it exits the housing 78 to prevent the ingress of purge 
fluid into the motor coupler 24. A fluid guide structure 
106 is also provided within the central lumen 98 for the 
purpose of separating the inflow and outflow ports 100, 102. 
The fluid guide structure 106 includes a central lumen 108 
through which the drive cable 62 extends, and an elevated 
portion 110 that retains an 0-ring 112 against the inner 
sxarface of the central lumen 98 of the housing 96. The 
drive cable sheath 32 is secured to the housing 96 such that 
the inflow port 100 is communicatively coupled to the side 
lumens 76, and the outflow port 102 is communicatively 
coupled to the central liimen 74. In this fashion, 
pressurized purge fluid may be introduced through the inflow 
port 100 via inflow conduit 28, and removed through the 
outflow port 102 via outflow conduit 30. By way. of example, 
the inflow conduit 28 and outflow conduit 30 may be coupled 
to their respective ports 100, 102 via barbed connectors 
114. Similarly, the inflow and outflow conduits 28, 30 may 
be equipped with any number of suitable connectors (such as 
those illustrated by way of example in FIG. 2) for 
establishing fluid coranamication %idth a source of 
pressurized fluid (not shown) . The pressurized fluid source 
(not shown) may include, but is not necessarily limited to, 
the use of a syringe, an indeflator, a fluid delivery pump, 
. or an accumulatbr: eunrangement ,to provide, . the requisite 
delivery of pressurized fluid. The purge fluid delivery 
system 26 thus provides a two-way transmission of pixrge 
fluid within the drive cable sheath 32 for the purposes of 
cooling the blood pun?> 12 and preventing the ingress of 
blood past the radial seal 64 and into blood pun^ 12. 

Referring to FIG. 6, shown is a guidable 
intra -vascular blood piirap system 120 according to a second 
broad aspect of the present invention. As will be described 
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- hereinafter, the intravascular blood pump system 120 differs 
from the intravascular blood pun?) system 10 described above 
only as to the type of guide mechanism eti?5loyed. In the 
interest of clarity and consistency, then, like reference 
5 numerals will be used to denote like elements and 

distinctions pointed out where necessary. Moreover, due to 
the commonality of principles eii?)loyed in both intravascular 
blood pump systems 10, 120, a discussion to the level of 
detail set forth above is not deemed necessary with regard 
10 to the intravascular blood pun?) system 120. Instead, those 

aspects in common with the intravascular blood pun^) 10 are 
hereby incorporated into the discussion of the intravascular 

blood pximp system 120. 

In its most general form, the intravascular blood 
15 pump system 120 of this second broad aspect of the present 

invention . comprises the blood pump 12 and cannula 14 
: . / -^^^^^^ the .'caimula 14 :.is equipped with .a 

"side-rigger" or "rapid exchange" guide mechanism 122. In 
an in?)ortant aspect of the present invention, the "rapid 
20 exchange" or "side-rigger" guide mechanism 122 includes a 

guide carriage 124 formed along at least a portion of the 
cannula 14, and a suitable guide element (such as guide wire 
22) dimensioned to pass slidably through a lumen (not shown) 
extending through the guide carriage 124. The "rapid 
25 exchange" guide mechanism 122 thereby provides the ability 

. to selectively guide the bloo4 puiq? 12 and cannula 14 to a 
■ - predetermined position in the circulatory system of a 
patient in the manner described above. Namely, the g^iide 
wire 22 may be first introduced into the vascular system of 
30 a patient through any suitable access point and guided to a 

desired location within the circulatory system of the 
patient, i.e. the left ventricle as shown. The blood p\mg 
12 and cannula 14 may thereafter be advanced along the guide 
wire 22 and positioned in the trans -valvular configuration 
• 35 shown for providing left-heart assist. 
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FIGS. 7-9 further illustrate the "side -rigger" or 
"rapid-exchange" guide mechanism 122 of this second broad 
aspect of the present invention. In a preferred embodiment, 
the "side-rigger" guide mechanism 122 includes a lumen 126 
5 formed within the guide carriage 124. The guide carriage 

124 is preferably formed as an, integral extension of the 
wall of the cannula 14. FIGS. 7 and 8 comport with the 
embodiment shown in FIG. 6, namely illustrating the guide 
carriage 124 formed along the exterior surface of the 
10 cannula 14. FIG. 9 illustrates an alternate embodiment 

wherein the guide carriage 124 may be formed along the 
interior surface of the cannula 14. In either case, the 
guide wire 22 is advanced to a desired location in the 
vasculature of the patient, after which point the blood pun?) 
15 12 and cannula 14 can be slidably advanced therealong for 

delivery to the desired location according to, the preset . 
i 22 may thereaf ter ;be>wit^^vm^ 

from the patient. If the guide carriage 124 is formed along 
the exterior surface of the cannula 14 {as shown in FIGS . 
20 7-8) , then the cannula 14 should preferably be positioned so 

that the guide carriage 124 does not extend in a 
trans -valvular fashion. For example, with reference to FIG. 
6, the guide carriage 124 should be positioned wholly within 
the left ventricle such that the pulsatile blood flow during 
25 beating heart procedures will not inadvertently pass through 

: the side lumen :126 .and pass through the aortic valve. 
; y : y - The' intravMcular; blocMd pump system 
constructed in virtually the same manner - as the 
intravascular blood pump system 10 shown and described 
30 above, with the exception of the location of the respective 

guide mechanisms 16, 122". More specifically, because the 
guide mechanism 122 is disposed along the side of the 
cannula 14, there is no need to form a central lumen 
extending through the blood pump 12, drive cable assembly 
35 18, purge fluid delivery system 26, and motor coupler 24 as 
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detailed above with regcurd to the intravascular blood 'pxxtap 
system 10. As such, these components need not be specially 
machined or molded to include such central lumens as was 
required with the intravascular blood piimp system 10 siet 
forth above. 

Referring to FIG. 10, shown is a guidable 
intravascular blood pxxacp system 130 according to a third 
broad aspect of the present invention. Again, due to the 
commonality between many of the same coTi?>onents and features 
of the intravascular blood puo^ systems described above and 
the intravascular blood pump system 130, like reference 
numerals will be used to denote like elements and 
distinctions pointed out where necessary. As will be 
explained in greater detail below, the intravascular blood 
pump system 130 employs yet another unique and useful guide 
mechanism according, to . the , preisent invention. . However,, 
because . many of the same - cbnponents are . employed, a 
discussion to the level of detail set forth above is not 
deemed necessary with regard to the intravascular blood pun^ 
system 130. Instead, those aspects in common with the 
intravascular blood pumps . described above are hereby 
incorporated into the discussion of the intravasculcir blood 
pun^ system 130. 

In its most general form, the intravascular blood 
pump system 130 of this third broad aspect of the present 
invention comprises, the blood punip 12. and cannula 14 
arrangement wherein, a. "guide catheter" 132 is provided as 
the guide mechanism for positioning the pump 12 and cannula 
14 at a desired location within the circulatory system of 
the patient. More specifically, with brief reference to 
FIG. 12, the intravascular blood jpump system 130 is formed 
in two separate assemblies according to the present 
invention: a conduit assembly 134 and pump assembly 136. In 
its most basic form, the conduit assembly 134 comprises the 
guide catheter 132 and cannula 14 coupled to the rotor 
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shroud 36. The pump assembly 136 is constructed such that 
the pump body 34 and rotor 44 can be disengaged from the 
rotor shroud 36 and removed ent irely from the conduit 
assembly 134. Referring again to FIG. 10, this dual 
construction forms a significant feature of the present 
invention because it provides the ability to form the blood 
pump 12 at a desired location in a patient ■ using two 
separate and distinct steps. The first step involves 
positioning the conduit assembly 134 (with the pump assembly 
136 removed) within a patient such that the shroud 36 and 
cannula 14 are each disposed in a desired location, such as 
a trans -valvular configuration for cardiac assist 
procedures. In an in?)ortant aspect, the task of positioning 
the conduit assembly 134 within the patient may be 
advantageously facilitated through the use of any niimber of 
well known guidance mechanisms, including but not limited to, 
' guide wires /V^^i^^P^ catheters; . imaging wires, guide 
catheters, and/or techniques involving ultra-sound or 
f louroscopy. The second step in providing the intravascular 
blood pump system 130 of the present invention involves 
advancing the pump assembly 136 through the conduit assembly 
134 such that the rotor 44 docks within the shroud 36 to 
form the purnp 12 at the desired location. 

By way of clarification, the term "cannula" is 
used to denote cannula 14 because it serves a primary 
purpose of transporting fluid into the blood piirap 12, 
whereas the term 7" catheter^" is used to denote 'the catlieter 
132 because it serves a primary purpose of guiding or 
directing devices or con?)onents (i.e. the pniap assembly 136) 
to a desired location within the body. It is to be readily 
understood, however, that these terms are only used for 
convenience and in a general fashion such that the cannula 
14 may serve certain guiding functions and the catheter 132 
may serve certain fluid transportation functions without 
departing from the scope of the present invention. For 
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example, the cannula 14 may be equipped with dedicated 
lumens to receive various guide mecheuiisms (such as guide 
wires, balloon catheters, selectively deformable elements 
such as Nitoiioli etc). In similar fashion, the guide 
catheter 132 may be used to transport fluid to and/or from 
the patient, such as by providing apertures 138 along 
predetermined regions of the catheter 132. 

FIG. 11 demonstrates a significant feature of the 
present invention involving the use of the guide catheter - 
132 to transport fluid to and/or from the patient. An 
optional perfusion assembly 140 is provided as part of the 
intravascular blood pump system 130 of the present 
invention. The perfusion assembly 140 includes a conduit 
142 in fluid communication with the apertures 138, which in 
this case are formed near the distal region of the guide 
catheter .132 a short distance downstream from the blood putnp 
12 . • . In use, blood will pass along the ekterior of the guide 
catheter 132 for distribution throughout the body, as well 
as within the interior of the guide catheter 132 after 
passing into the apertures 138. The perfusion assembly 140 
may then be employed to selectively reroute blood from 
within the guide catheter 132 to a point within the 
patient's vasculature downstream from the point where the 
guide catheter 132 enters the body. A hemostasis valve 
assembly 146 of the perfusion assembly 140 permits the drive 
cable assembly 18 . to pass through to the purge fluid 
deifyery system 26 while preventing blood flow other than 
into the perfusion assembly 140. A seal assembly 150 of the 
purge fluid delivery system 26 permits the drive cable 62 to 
pass through to the motor 20 while preventing the flow of 
purge fluid other than into and from the purge fluid 
delivery system 26. The perfusion assembly 140 includes a 
control mechanism 148 for selectively controlling the 
distribution of perfusion blood flow from the perfusion 
assembly 140 into the patient. This control mechanism 148 



may be automatic based on certain feedback criteria or 
manually operated. 

FIGS. 12-17 illustrate an exemplary construction 
of the intravascular blood pump system 130 according to the 
third broad aspect of the present invention. As shown in 
FIG. 12, the conduit assendoly 134 may be selectively 
disengaged so as to remove the p\mp assembly 136 therefrom. 
According to the present invention, the conduit assembly 134 
may be introduced {without the pump assembly 136) into the 
circulatory system of a patient and selectively guided such 
that the rotor shroud 36 and cannula 14 are positioned at a 
desired location. The pump assembly 136 can thereafter be 
selectively introduced into the conduit assembly 134 . A 
challenge in such a "back- loading" arrangement is ensuring 
that the pump assembly 136 docks appropriately within the 
rotor shroud 36 and. is maintained in. proper engagement 
during operation bf the resulting piimp 12, \ 

An exemplary docking arrangement will now be 
described with reference to FIG. 14. In a preferred 
embodiment, the rotor 44 may be properly and accxxrately 
docked within the shroud 36 by forming angled mating 
surfaces on corresponding portions of the shroud 36 and pump 
body 34 . More specifically, an angled mating surface may be 
formed on the interior surf ace of the rotor shroud 36 along 
that portion extending proximally from the flow aperture 38. 
A corresponding angled mating surf ace may be proyided along 
the :,exterior surf ace of th^ pun^ body; 34 aloiig aT distal 
portion thereof. The mating surfaces shown in FIG. 14 may 
preferably be formed in the range from about 2 degrees to 10 
degrees, and more preferably formed in the range from about 
3 degrees to 6 degrees. Mating angles within these ranges 
are adequate to guide the distal end of the pump body 34 to 
a point generally flush with the proximal edge of the flow 
aperture 38 as shown in FIG. 14. In this fashion, the purap 
assembly 136 and the rotor shroud 36 combine to form the 
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blood pump 12, More in^tortantly, this docking is carried 
out such that the rotor 44 and rotor blades 58 are 
maintained in proper position for efficient and saf e pun?) 
operation. 

An exemplary biasing scheme for maintaining the 
p\xn\p assembly 136 in this docked relationship will now be 
described with reference to FIGS. 12-13 and 16-17. The 
conduit assembly 134 is preferably equipped with a male 
quick- connect coupling 152 capable of engaging with a female 
quick- connect coupling 154 forming part of the perfusion 
assembly 140 of the present invention. A bias spring 156 is 
provided in between the perfusion assembly 140 and the 
housing 96 of the p\irge fluid delivery system 26. . The bias 
spring 156 is preferably dimensioned so as to be in tension 
when the male quick-connect 152 is engaged within the female 
quick-cpnnect 154 as part of the docking process of the 
present invention. As such > the bias, spring is 6 serves to 
maintain the pump assembly 136 in the docked position within 
the rotor shroud 36. The bias spring 156 may be coupled to 
the housing 96 of the purge fluid delivery system 26 in any 
number of suitable fashions. One such coupling arrangement 
may con^rise a female quick-connect coupling 158 attached to 
the housing 96 and a male quick-connect coupling 160 
attached to the bias spring 156. 

An exemplary embodiment of the perfusion assembly 
140 is shown with reference to FIGS. 12-13 and 17. The 
perfusion assembly 140 shown includes the hemostasis valve 
146 coupled to the female quick-connect coupling 154. A 
length of tubing 162 extends between the opposing barb 
connectors of the hemostasis valve 146 and the female 
quick-connect coupling 154. A continuous lumen is formed 
extending through the interior of the male quick- connect 
coupling 152, the female-quick-connect coupling 154, the 
tubing 162, and the hemostasis valve 146. The drive cable 
assembly 18 extends through this continuous lumen and exits 



through a Touehy-Borst hemostasis seal 164 which prevents 
the migration of blood out of the proximal end of the 
perfusion assembly . 140 . A side-port 166 is disposed in 
fluid communication with the central lumen of the perfusion ' 
assembly 140. In one embodiment, this side-port 166 may be 
equipped with a conduit 168 having a stop-cock 170 to 
selectively control the distribution of blood through a 
perfusion conduit (i.e. conduit 142 of FIG. 11) coupled to 
the stop-cock 170. It will be appreciated that this type of 
manual control system for selectively perfusing the patient 
may be replaced with control circuitry for automatically 
controlling the rate of perfusion. Such automatic perfusion 
may be based on control algorithms based on contemporaneous 
feedback or pre-programmed thresholds. 

The foregoing discussion details a host of 
inventive aspects forming part of the present invention. It . 
wi 1 1 be apprec i at ed by those ski lied in the art that change s ; 
could be made to the embodiments described above without 
departing from the broad inventive concepts thereof. The 
following evidences, by way of exan5)le only, various 
additional aspects forming part of the present invention. 

PIG. 18 illustrates an alternate configuration of 
the intravascular blood pirmp system 130 of the third broad 
aspect of the present invention having an alternate bearing 
assembly, purge fluid delivery, and docking scheme. The 
bearing assembly includes a seal spring 182. and a bearing 
assembly . 180 . ; The bearing/ asserabiy 180 iiicludiss an inner . 
race 184, an outer race 186, and a plurality of balls 188 
which enable the inner race 184 to rotate along with the 
rotor shaft 46 while the outer race 186 remains in a static 
and fixed position relative to an inner surface of the pump 
body 34. An O-ring 190 is disposed within a groove formed 
in the rotor shaft 46 so as to maintain the bearing assembly 
180 against the seal spring 182. The O-ring 190 is further 
secured within the groove in the rotor shaft 46 via a 
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contotared lip portion extending . from the distal end of the 
cable adapter 60. The proximal end of the cable adapter 60 
flushly engages the drive cable 62. . 

The purge fluid delivery system of the embodiment 

5 shown in FIG. 18 provides for a one way delivery of purge 

fluid to the blood pump 12.' That is, pressurized fluid 
(namely, fluid pressurized to some level elevated above the 
blood pressure in the surrounding vessel) is injected in 
between the drive cable 62 and the interior of the 
10 protective sheath 32 during operation. This serves to 

reduce any frictional heating that exists between the drive 
cable 62 and sheath 32. The pressurized fluid also flows 
through the interior of the pun?) 12 such that, if the seal 
at 192 is broken, the pressxirized fluid will flow past the 
15 open seal 192 and onward through the blood flow ports 38 

formed in the shroud. 36. .This serves to^ keep blood from 
■entering the pun?) 12 in an .effort to avoid clotting and/or 
damaging the pucap 12, 

The pump assembly 136 may be docked within the 
20 conduit assembly 134 in any number of different fashions 

without departing from the scope of the present invention. 
That is to say, the docking scheme shown in FIG. 18 is set 
forth by way of example only and is not to be deemed 
limiting or restrictive as to numerous ways to tenqporarily 
25 engage or "dock" the pvmp assembly 136 within the conduit 

- .assembly 134. ..The only requirement is that the pajn?> 
; assembly "136 134 dock such that the 

rotor 44 is disposed within the shroud 36 to provide the 
desired axial flow through the cannula 14 and out the shroud 
30 36. The exemplary docking scheme involves forming an 

annular engagement groove 194 along the interior of the 
shroud 36, and forming a con?)lementary annular ridge 196 
along the exterior surface of the pun?) body 34. During 
insertion, the pump assembly 136 will be advanced into the 
35 conduit assembly 134 until the annular ridge 196 on the pump 
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body 34 engages within the groove 194 formed in the shroud 
36. This docking scheme is generally advantageous in that 
the engagement action between the annular ridge 196 and 
groove 194 will provide tactile feedback to the physician 
5 during the process of inserting the pun^ assembly 136 into 

the conduit assembly 134 such that the physician will be 
able to determine when the docking has been completed. 

■ As will be appreciated by those skilled in the 
art, the location of the annular ridge 196 and engagement 
10 groove 194 may be varied such that they are disposed closer 

or farther away from the flow apertures 38. It may be 
advantageous to form these docking structures close to the 
flow apertures 38 in an effort to thwart the ingress of 
blood into the junction extending between the interior of 
15 the shroud 36 and the exterior surface of the pump body 34. 

. It is also conten5)lated to en5)loy. selectively inflatable . 
: structures; such ^lia balloons, in >n effort to temporarily ; 
engage or dock the puinp assembly 136 within the conduit 
assembly 134. In this regard, one or more lumens may be 
20 formed within the pump body 34 extending from the interior 

of the pun?) body 34 in fluid communication with a balloon 
disposed along the exterior surface of the pun^j body 34. 
The pressurized fluid flowing within the interior of the 
pump body 34 may then be used to inflate the balloon, which 
25 will then engage within an annular groove in the shroud 36, 

. such as at 194... of course,: the engagement structure^ may 
also be reversed witliout departing ; from the scbjpe of the ; 
present invention. For example, the shroud 36 may be 
equipped with a fluid delivery lumen therein for inflating 
30 a balloon disposed on the interior surface of the shroud 36, 

which may in turn be disposed within an annular engagement 
' groove formed along the exterior surface of the pump body 
34. 

While this invention has been shown in use largely 
35 in during left-heart applications, it is to be readily 
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appreciated that this does not limit the applications of 
this invention for use in left heart support only. Rather, 
the guidable . intravascular blood puitp of the present 
invention can be utilized in right-heart support 
applications and a wide variety of other applications 
apparent to those skilled in the art. For example, with 
reference to FIG. 19, shown is an intravascular blood pump 
200 (of the type shown and described above with reference to 
FIGS. 2-5) configured for use in a right-heart support 
application. In this embodiment, the intravascular blood 
pxjmp system 200 is equipped, by way of exan5)le, with an 
"over-the-wire" guide mechanism 16 comprising a balloon 
catheter 202. It is to be readily appreciated that, 
although shown and described below in terms of an embodiment 
of the type shown in PIGS. 2-5, the intravascular blood pun?) 
systems 120, 130 disclosed herein may also be. configured for 
us^ in right -heart /applications. Such xight -heart 
configurations, and others apparent to those skilled in the 
art based on the broad principles enumerated in this 
application, are contemplated as being within the scope of 
the present invention. 

The intravascular blood pump system 200 is shown 
positioned within the heart, such as may be advantageous to 
provide right heart support during beating heart surgery. 
To position the guidable intravascular blood p;imp system 200 
in the right heart according to the present invention, a 
suitable guide element (such as balloon catheter 202} is 
first advanced to a desired location within the heart via 
the "sail" action of an inflated balloon. After the balloon 
catheter 202 is located in the desired position (such as in 
the pulmonary artery as shown) , the intravascular blood pvxap 
system 200 according to the present invention may be 
advanced over the balloon catheter 202 and guided into a 
desired arrangement. For right heart support, this would 
involve advanced into the pump 12 and ceumula 14 overt the 



wo 01/17581 



- 33 - 



PCTAJS00/2451S 



balloon catheter 202 until the fluid inlet 204 is disposed 
within the vena cava (or right atrium) and the fluid outlet 
206 is positioned within the pulmonary artery. The punrp 12 

• may then be selectively (i.e. automatically or on-demand) 
5 . controlled to transport blood from the vena cava (or right 
atrium) in a trans -valvular fashion through the tricuspid 
valve, the right ventricle, and the pulmonary valve for 
deposit within the pulmonary artery. Providing right -heart 
support during beating heart surgery advantageously 
10 overcomes conditions where cardiac output may become 

coa5)romised during beating heart surgery, such as when the 
heart is lifted to gain access to posterior vessels, thereby 
avoiding the need for cardiopulmonary bypass. 

It is also conteinplated as part of the present 
15 invention that the guidable intravascular blood pxaap systems 

cam be introduced into the patient to achieve 

the intravascular access -into the right ..or - left heart ■ 
through any number of access points, including but not 
limited to the internal jugular vein, the brachiocephalic 
20 vein, carotid artery, axillary artery, femoral vein, femoral 

artery, and subclavian artery. The intravascular blood pump 
systems of the present invention may also be introduced via 
direct introduction, such as into the aorta, the atria, and 
the ventricles. As is well known in the art, such 
25 intravascular access may be achieved percutaneous ly through 

the use of the Seldingex technique or directly 
. use of minimally invasive access techniques . . ; . 

Those skilled in the art will also appreciate 
that, although shown and described above in terms of "axial 
30 flow," the present invention is not limited to the axial 

flow type intravascular blood pumps. Rather, the 
intravascular blood pumps 12 may comprise any number of 
suitable types of intravascular blood pumps, including but 
not limited to so-called "mixed flow" intravascular blood 
35 puir?>s, without departing from the scope of the present 
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invention. 

With regard to the embodiments shown in FIGS. 
10-17, it is furthermore contenqplaited that the guide 
catheter 132 may be separable from the conduit assembly 134 
after the pump assembly 136 is docked within the shroud 36 
to form the pump 12 at the desired location within the 
circulatory system of the patient . This may be accomplished 
by providing the guide catheter 132 in a detachable fashion 
via any number of suitable arrangements. By removing the 
guide catheter 132 after the pump 12 assembled, wound 
management of the access point into the patient's 
vasculature may be in5>roved. This is due, in part, to the 
substantial reduction in size of the device extending into 
the patient (i.e. the drive cctble assembly 18 as opposed to 
the larger diameter guide catheter 132) . 

. - vit is also cqnten5)lated to incorporate various 
pressure sensing and/or guidability features into at least 
one of the cannula 14 and pyxacp 12 . Such features may 
include, but are not necessarily limited to, those shown and 
described in commonly- owned and co-pending U.S. Patent 
Application No. 09/280,988 (filed March 30, 1999) entitled 
"Steerable Cannula," and U.S. Patent Application No. 
09/280,970 (filed March 30, 1999) entitled "Pressure Sensing 
Cannula, " the disclosures of which are hereby expressly 
incorporated by reference as if set forth herein in their 
.entirety.^ These pressure sensing: features may include; but 
are not necessarily limited to; the use of fluid- filled 
lumens, piezo-electric pressure sensing elements, strain 
gauges, and analysis of the torque /current relationship 
(based on the dynamic pressure differential between the 
inlet and outlet of the pump) . The guidability features may 
include, but are not necessarily limited to, the use of side 
lumens and deformable materials (i.e. Nitonol) . 

Various pump and cannula arrangements have been 
described and shown above for providing right and/or left 
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heart support wherein blood is deliberately re-routed 
through and past the right and/or left ventricle in an 
effort to reduce the volume of blood to be puraped by the 
particular ventricle. While "unloading", the ventricles in 
5 this fashion is preferred in certain instances, it is to be 

readily iinderstood that the pimp and cannula arrangements 
described herein may also be employed to "preload" the 
ventricles. Ventricular preloading may be accomplished by 
positioning the outflow cannula from the pump into a given 

10 ventricle such that the pump may be employed to fill or 

preload the ventricle with blood. This may be particularly 
useful with the right ventricle. On occasion, the right 
ventricle is not supplied with sufficient levels of blood 
from the right atrium such that, upon contraction, the right 

15 ventricle delivers an insufficient quantity of blood to the 

pulmonary artery. This may result when the right ventricle : 
and/br right atrium are in a stressed or distorted condition 
during surgery. Preloading overcomes this problem by 
actively supplying blood into the right ventricle, thereby 

20 facilitating the delivery of blood into the pulmonary 

artery. The same technique can be used to preload the left 
ventricle and thus facilitate the delivery of blood from the 
left ventricle into the aorta. 



What is claimed is: - 

1 . An iti^roved intravascular blood pump system, 

con5>rising: 

an intravascular blood punqp having a cannula 
coupled thereto; and 

a guide mechanism adapted to guide said 
intravascular blood p\imp eoid cannula to a predetermined 
location within the circulatory system of a patient. 

2 . The intravascular blood pump system of Claim 

1 and further, wherein said intravascular blood pump 
includes a rotor, a shroud for receiving said rotor, and a 
drive cable coupled to said rotor for driving said rotor 
within said shroud. 

3 . The intravascular blood pump system of Claim 

2 and further, wherein said cannula is coupled to said 
.: shroud of said ..intravascular, blood pun^),, , . 

; 4 . ; . . The intravascular blood pun^) system 

3 and further, wherein said guide mechanism con^rises a 
guide catheter coupled to. said shroud. 

5. The intravascular blood pump system of 

Claim 4 and further, wherein said guide catheter may be used 
to guide said shroud and cemnula to said predetermined 
location within the circulatory system of said patient, 
after which point said rotor cind drive cable of said 
intravascular blood pump may be docked within said shroud 
for pump operation. . 

.6 . ' The intravascular, blood piimp system of Claim. 
2 and further, wherein a drive cable sheath is provided 
having a central lumen for receiving said drive cable, and 
wherein a purge fluid delivery system is coupled to said 
drive cable sheath to deliver purge fluid to said rotor. 

7 . The intravascular blood pump system of Claim 
6 and further, wherein said drive cable sheath includes at 
least one side lumen for delivering said purge fluid towards 
said rotor. 
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8 . The intravascular blood pump system of Claim 
7 and further, wherein a portion of said purge fluid is 
delivered through said at least one side lumien and past said 
rotor, and a portion of purge fluid is rerouted back from 
5 said rotor through said central lumen of said drive cable. 

9 . The intravascular blood pump system of Claim 
4 and further, wherein a perfusion assembly is provided 
commimicatively coupled to said guide catheter for 
selectively rerouting blood from within said guide catheter 

5 to a point downstream from the introduction site of said 

guide catheter into the vasculature of said patient. 

10 . The intravascular blood p^l^^ system of Claim 
9 and fiirther, wherein said perfusion assembly includes a 
first conduit communicatively coupled to .said guide 
catheter, a second conduit dimensioned to be introduced into 

5 ; : .the vasculature of the patient, and a , selectively operable . 
valve disposed in between said first conduit and saiid second . 
conduit, 

11 . The intravascular blood puit^ system of Claim 

I and further, including a blood pressure detection 
mechanism to detect the pressure of the blood proximate at 
least one of the intravascular blood pump and ceuanula. 

12 . The intravascular blood pun^ system of Claim 

II and further, wherein said blood pressure detection 
mechanism comprises at least one of fluid filled column 

. disposed within at least a portion . of said - cannula, .a 
5 : piezoelectric ; element c^ of V the . : 

intravascular blood pump and cannula, and a strain gauge 
coupled to at least one of the intravascular blood pump and 
Ceinnula . 

13 . The intravascular blood purap system of Claim 
11 and further, wherein said blood pressure detection 
mechanism involves calculating blood pressure based on the 
relationship between the torque and motor current of a motor 

5 used to drive said rotor. 
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14 . The intravascular blood puatp system of Claim 
1 and further, wherein said guide mechanism comprises a 
guide element disposed at least partially within said 
cannula . 

15 . The intravascular blood pump system of Claim 
14 and further, wherein said guide element coTr?)riBes 

a guide wire for passage through a side lumen 
formed in said cannula. 

16 . The intravascular blood pump system of Claim 

14 and further, wherein said guide element comprises a 
selectively deformable element disposed at least partially 
within said cannula. 

17 . The intravascular blood pump system of Claim 

15 and further, wherein said intravascular blood pvmp and 
cannula may be selectively advanced to said predetermined 
. location within the vasculature of the : patient by . first 
passing said guide wire to said predeteraxned location and., 
thereafter sliding said intravascular blood pun^) and cannula 
along said guide wire to said predetermined location. 

18 . The intravascular blood pump system of Claim 
2 and further, wherein said guide element con^jrises a guide 
wire for passage through a lumen extending through said 
drive cable and rotor. 

19 . The intravascular blood pxirap system of Claim 
18 and further, wherein said intravascular blood pump and 
cannula.. may be selectively advanced to said predetermined 
location within the vasculature of; the patient /by first . 
passing said guide wire to said predetermined location and 
thereafter sliding said intravascular blood pump and cannula 
along said guide wire to said predetermine location. 

20 . The intravascular blood pump system of Claim 
4 and further, wherein said guide mechanism further includes 
guide element for passage through the guide catheter to 
facilitate placement of said shroud and said cannula at said 
predetermined location within the vasculature of the 
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patient. 

21 . The intravascular blood pump system of Claim 
20 and further, wherein said guide element comprises at 
least one of a guide wire and a balloon catheter... 

22 . The intravascular blood puir^) system of Claim 
4 and further, wherein said guide mechanism further includes 
•a guide element for passage through a side lumen formed 

along at least a portion of said guide catheter. 

23 . The intravascular blood pump system of Claim 
22 and further, wherein said guide element comprises at 
least one of a guide wire and a balloon catheter. 
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